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INTRODUCTION 

Man  have  observed  for  many  years  that  certain  soil  treatments 
and  cropping  systems  nave  distinct  effects  upon  oertaln  chemical 
and  physical  properties  of  the  soil.  Also,  Investigators  have 
been  attempting  to  determine  the  effeot  of  various  factors  on  the 
physical  and  oheaioal  properties  of  the  soil   The  plan  of  this 
investigation  was  to  determine  how  cropping  systems  and  soil 
treatment  influence  the  total  nitrogen  content,  organio  carbon 
oontent,  oarbon -nitrogen  ratio,  the  presence  of  water-stable  ag- 
gregates and  the  moisture  equivalent  values  of  the  soil  and  in  turn 
how  one  f  otor  relates  to  another. 

JURA  STUDIED 

The  soil  samples  used  In  this  Investigation  were  taken  from 
the  Columbus  Experiment  Field.  This  station  is  located  on  the 
farm  of  Mrs.  W.  H.  Shaffer,  one  mile  west  and  three  miles  north 
of  the  Columbus  High  School,  Columbus,  Kansas. 

The  Columbus  Experiment  Field  was  organized  in  1924  in  co- 
operation with  the  late  Mr.  W.  H.  3haffer.  The  land  involved 
was  divided  into  a  number  of  series.  Series  A  through  F  were 
used  in  this  particular  problem.  Kaoh  series  was  396  feet  long 
and  132  feet  wide  with  25  feet  between  eaoh  series  for  a  roadway. 
Within  e-.oh  series  there  were  12  one-tenth  acre  plots  measuring 
132  feet  east  and  west  and  33  feet  north  and  south.  The  series 
were  lettered  from  east  to  west  while  the  plots  were  numbered 
from  north  to  south. 


The  soil  on  the  station  is,  for  the  most  part,  Cherokee  tilt 
loam  whloh  has  a  white  ashy  surface  soil,  a  very  heavy,  dark  gray, 
subsurfaoe  and  an  impervious,  drab-colored  subsoil  which  Is 
f looked  with  red,  yellow,  and  gray.  The  field  Is  nearly  level, 
the  drainage  being  mostly  toward  the  northwest  oorner.  The  area 
from  whloh  the  samples  were  taken  occurs  In  the  northeast  oorner 
of  the  experiment  field. 

In  192$,  alfalfa  was  established  on  Series  ?   (Appendix, 
Table  8),  and  was  followed  by  Series  S,  D.  D,  C,  and  A,  In  that 
order.  In  the  fall  of  1945,  alfalfa  was  established  on  Series  A 
for  the  first  time  since  the  experiment  field  was  organized.  The 
alfalfa  was  left  on  eaoh  of  the  other  series  for  five  years  un- 
less the  stand  failed  before  then.  A  rotation  of  corn,   soybeans, 
flax,  wheat,  and  oats  with  sweet  clover  followed  the  alfalfa. 
Only  one  stand  of  alfalfa  has  ever  ooourred  on  eaoh  series. 
There  never  has  been  a  legume  grown  on  Plot  10  of  any  series. 
This  plot  had  the  sweet  clover  omitted  from  the  oats  and  had  red- 
top  grown  in  ths  plaee  of  alfalfa.  Starting  with  the  year  of 
1946,  a  mixture  of  redtop  and  broae  grass  was  grown  on  Plot  10  of 
the  series  where  alfalfa  was  grown.  Sorghums  were  substituted 
for  the  soybeans  on  riot  10  in  each  series  when  soybeans  were 
grown. 

Cf  the  12  different  plots  In  eaoh  series,  only  Plots  1,  6, 
7,  10,  11,  and  12  were  sampled.  Ths  amounts  of  fertilizer  mate- 
rials added  to  eaoh  plot  have  changed  somewhat  t  hrough  the  years 
but  ths  nature  of  the  treatment  has  remained  essentially  ths 
same.  Plot  1  has  reoelved  only  lime  when  needed  so  as  to  keep 
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the  soil  at  about  a  neutral  reaction.  All  other  plots,  except 
Plot  12,  hare  received  the  same  lime  treatment.  No  lime  has  ever 
been  added  to  Plot  12.  Plot  6  also  received  eight  tons  of  manure 
per  aore  before  seeding  alfalfa  and  before  the  flax  stubble  was 
plowed  under.  Plot  7  received  the  same  treatment  as  Plot  6  along 
with  the  following  applications  of  20  peroent  superphosphate  per 
acre:  40  pounds  on  corn,  80  pounds  on  oats,  80  pounds  on  wheat, 
120  pounds  on  alfalfa,  and  40  pounds  on  the  flax.  The  treatment 
for  Plots  10  and  11  differ  from  Plot  7  in  that  they  reoeived  no 
manure.  Plot  12  reoeived  no  treatment  of  any  kind.  Table  1 
gives  the  crops  grown  and  the  soil  treatments  applied  on  each  of 
the  plots  during  the  two-year  period  prior  to  the  sampling  of 
the  area. 

COLLECTION  AND  PJWPARATTCr  0?  3AMPLB8 

Nine  samples  were  taken,  more  or  less  at  random  fror.  one  end 
of  the  plot  to  the  other,  with  a  spade  to  a  depth  of  about  six 
inches.  Each  sample  was  passed  through  a  one-half  inch  hail 
screen,  thsn  put  into  a  waxed  pasteboard  container  and  numbered. 
No  attempt  was  made  to  separate  anything  from  the  sample.  These 
samples  were  left  in  the  containers  for  three  days  before  they 
were  spread  In  the  laboratory  to  become  air  dry.  A  two-week  pe- 
riod elapsed  before  any  analyses  were  started.  The  soil  samples 
were  stored  in  the  laboratory  where  all  of  the  analytical  work 
was  done.  Analyses  were  made  on  each  Individual  sample.  Only 
the  samples  taken  in  the  fall  of  1946  wore  used  in  this  investiga- 
tion. 
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Table  1 

4 

■  Cropa  grown  and  soil  treatments,  on  per  sore  bases,  for 
the  two-year  period  prior  to  the  time  of  sampling. 
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A 

Alfalfa  Alfalfa  Alfalfa  Radtop  ft  Alfalfa 
ljT  lime  1*T  liiHe  ljT  lime  brome    ljT  lime 
8T  manure     Iff  line 

120  lbs.  20$  superphosphate 

Alfalfa 

B 

Flax     Flax     71ax     Flax     Flax 
40  lbs.  of  superphosphate 

Flax 

1 
9 

C 

Corn    Com    Corn    Corn     Corn 

40  lbs.  20$  superphosphate 

Corn 

■4 

i 

D 

Oats  ft*  Oats  ft   Oats  ft   Cats     Oats  ft 
Sw.  01.  Sw.  01.  Sw.  CI.           Sw.  CI. 
60  lbs.  20$  superphosphate 

Oats  ft 
Sw.  CI. 

■ 

S 

Soybeans  Soybeans  Soybeans  Sorghums  Soybeans 
40  lbs.  20$  superphosphate 

Soybeans 

■ 

T 

Wheat    Wheat    Wheat    Wheat     heat 
8T  manure 

80  lbs.  20$  superphosphate 

Wheat 

A 

Oats  ft   Oats  ft   Oats  ft   Oats     Oats  ft 
Sw.  CI.  Sw.  01.  Sw.  CI.           Sw.  CI. 

Oats  ft 
3w.  CI. 

B 

Soybeans  Soybeans  Soybeans  Sorghums  Soybeans 
40  lbs.  20'-'  superphosphate 

Soybeans 

i 

C 

Alfalfa  Alfalfa  Alfalfa  Alfalfa   Alfalfa 

Alfalfa 

9 

4 
5 

D 

'.heat    wheat    Wheat    Wheat     Wheat 
8T  manure 

80  lbs.  20$  superphosphate 

Wheat 

1 

Corn    Corn    Corn    Corn     Corn 

40  lbs.  20$  superphosphate 

Corn 

• 

•Sw 

T 

Flax    Flax    Flax    Flax     Flax 

40  lbs.  20$  superphosphate 

Flax 

.  CI.  indioates  sweet  clovor  throughout  the  tables 

RBVI2W  OF  LITKRATORK 

Moisture  Equivalents 

Some  of  the  early  work  done  in  soil  sclenoa  research  was  with 
regard  to  the  moisture  equivalent  values  of  the  soil.  Briggs  and 
MoLane  (12,  13)  were  among  the  outstanding  early  workers.  The 
procedure  which  they  established  was  basically  that  which  was 
still  being  used  by  investigators  during  the  time  of  this  investi- 
gation. During  this  early  period  of  investigation,  Briggs  and  Mo- 
Lane  (12)  defined  moisture  equivalent  as  the  amount  of  moisture 
retained  in  the  soil,  10  mm.  deep  in  the  moisture  equivalent  box, 
after  being  centrifuged  at  1000  times  the  foroe  of  gravity  for  40 
minutes.  Later  investigations  on  certain  factors  afreoting  mois- 
ture equivalent  values  and  best  methods  to  use  in  making  the 
determinations  were  made  by  Vaihmeyer,  Cserkowsky  and  Tester  (61). 
These  investigators  found  that,  for  the  most  part,  the  procedure 
of  Briggs  and  MoLane  (12)  was  sound  and  reliable.  As  more  modern 
equipment  became  available  to  ressaroh  workers,  higher  speeds  with 
greater  centrifugal  forcas,  were  tried  in  making  moisture  equivalent 
determinations.  Olmstead  (46)  did  some  work  with  high-speed  centri- 
fuges. However,  for  the  most  part,  the  recommendations  made  by 
Veihmeyer,  Oserkowsky  and  Tester  (61),  with  small  modifications, 
are  still  used  in  many  soil  soienoe  researoh  laboratories. 

Briggs  and  MoLane  (13),  Colle  (17),  Joseph  and  Martin  (30), 
Russell  (52)  and  Olmstead  (46)  propose  that  the  moisture  equiva- 
lent value  of  a  soil  is  influenced  by  the  texture  of  that  soil. 
The  moisture  equivalent  value  becomes  greater  as  the  texture  be- 
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comes  finer,  aooording  to  these  investigators.  If  the  texture  la 
kept  constant  then  other  faotora  nay  be  involved.  Such  investi- 
gators as  Brlggs  and  MoLane  (12),  Collo  (171,  Oysel  (25),  Joseph 
and  Martin  (30),  Russell  ($2),  and  Stauffer  (57)  have  shown  that 
inoreased  organlo  matter  brought  about  an  inorease  in  the  moisture 
equivalent  value  of  the  soil.  A  number  of  investigators  have  in- 
dicated that  the  application  of  lime  on  the  soil  caused  the  mois- 
ture equivalent  to  increase  while  others  suggested  that  the  mois- 
ture equivalent  value  did  not  change.  MoHenry  and  Rhoadas  (37) 
and  Russell  (52)  found  that  an  addition  of  11ms  to  the  soil  in- 
oreased the  moisture  equivalent  value.  Aooording  to  these  investi- 
gators, this  inorease  was  probably  due  In  part  to  the  moisture 
retained  by  the  calcium  carbonate  and  in  part  to  a  greater  degree 
of  aggregation.  Also  it  may  have  been  due  to  the  dispersing  ef- 
feot  of  the  oalolum  on  the  soil.  Alderfer  and  Merkle  (3),  Baver 
and  Hall  (6),  Martin  and  Waksman  (35),  and  Myers  (40)  have  actual- 
ly proved  that  oalolum- saturated  oollolds  In  the  soil  are  more 
easily  dispersed  than  are  the  same  colloids  whan  carrying  consid- 
erable adsorbed  hydrogen.  This  dispersed  oondltion  of  the  soil 
oollolds  may  have  oaused  the  moisture  equivalent  of  that  soil  to 
be  higher.  Bison  and  Lutz  (23)  suggested  that  the  addition  of  oal- 
olum through  superphosphate  may  result  in  some  breakdown  of  the 
physical  condition  of  the  soil.  Trots,  the  data  that  these  investi- 
gators have  gathered,  it  would  seem  that  oalolum  should  directly 
Inorease  the  moisture  equivalent  of  the  soil  through  Its  dispers- 
ing effeot  on  the  soil,  and  indireotly  oause  the  moisture  equiva- 
lent value  to  be  Inoreased  by  the  Inoreased  production  of  organio 


matter. 

The  crop  grown  nay  also  have  some  effeot  on  the  moisture 
equivalent  value.  Stauffer  ($7)  found  that  oorn  and  oats  In  a 
fertilized  and  lined  legume  rotation  gave  a  higher  noisture  equiv- 
alent value  than  the  unfertilized  continuous  oorn  rotation. 

Water-Stable  Aggregates 

Por  many  years,  field  observations  have  lndioated  that  some 
crops,  when  removed  from  the  land,  left  the  soil  loose  and  friable 
while  ther  oroos  seemed  to  cause  no  changes,  -till  other  orops 
oaused  the  soil  to  beoome  hard  and  oloddy.  Most  of  this  knowledge 
is  based  purely  on  qualitative  observations  in  the  field.  Numer- 
ous investigators  have  developed  quantitative  measures  that  might 
be  used  in  the  laboratory  to  determine  the  physloal  oharaoterlstloe 
of  the  soil.  To  mention  a  few,  Baver  and  Rhoades  (7)  have  worked 
on  the  elutriatlon  method,  Bouyouoos  (10)  has  worked  with  slaking 
and  wet-sieving  nethods.  He  has  also  done  sorae  work  with  the  hy- 
drometer. A  wet-sieve  method  is  described  by  Niohols  (i»4).  With 
all  of  the  methods  developed  there  is  still  lack  of  a  good  accept- 
able method.  Work  done  by  HIJhawan  and  olastead  U5)  showed  that 
methods  used  may  be  in  error  slnoe  pre-wetting  by  vacuum  or  by 
capillarity  gave  much  higher  results.  Bouyouoos  (11)  was  of  the 
opinion  that  the  ordinary  struoture  of  the  soil  as  seen  in  the 
field  is  not  the  ultimate,  natural  struoture  of  the  soil.  He 
said  that  this  field  struoture  is  changeable,  temporary,  acciden- 
tal, and  artificial.  He  suggested  that  "gentle,  but  quite  vig- 
orous,'' slaking  of  the  soil  particles  and  granules  in  a  large 


quantity  of  water  does  sot  deorease  their  original,  natural  size. 

Within  one  nethod  of  determining  water-stable  aggregates, 
there  are  other  faotors  that  tend  to  determine  the  quantity  of 
water-stable  aggregates  in  the  soil.  Browning  (14)  found  that  an 
application  of  organic  matter  to  a  soil  of  relatively  poor  physl- 
oal  oondltion  materially  improved  the  soil  structure.  Browning 
and  Milam  (15,  16)  and  Martin  and  Waksman  (34,  35)  obtained  re- 
sults which  lndloated  that  organic  material  that  decomposed  rapid- 
ly increased  the  aggregation,  oauslng  It  to  reach  a  maximum  within 
20  to  30  days  and  then  a  gradual  deorease  ooourred.  Resistant 
materials  deoayed  slower  and  had  a  longer  lasting  effeot.  Boga- 
ohuk  and  KurapoT  (9),  Bison  (22),  and  Weldon  and  Hide  (62)  did 
work  which  suggested  that  as  the  organlo  matter  oontent  of  the 
soil  deoreaaed,  so  did  the  degree  of  aggregation  of  the  soil. 
Work  by  Alderfer  and  Merkle  (3)  lndloated  that  even  light  applica- 
tions of  manure  produoed  structural  Improvement  of  the  soil.  A 
significant  correlation  was  obtained  by  these  Investigators  for 
organlo  matter  and  aggregation.  Hide  and  Metzger  (26,  27),  Ilme- 
nev  (28),  and  Woodruff  (64)  have  done  work  which  lndloated  that 
the  more  aggregared  the  soil  is  the  higher  Is  the  organlo  oarbon 
oontent.  On  the  other  hand,  Browning  (14)  and  Bertramson  and 
Hhoades  (8)  found  that  organlo  matter  may  or  may  not  affeot  the 
physical  properties  of  a  soil.  Browning  (14)  found  that  applica- 
tions of  organlo  matter  to  soils  whloh  had  large  amounts  of  either 
aotive  inorganic  colloids,  or  organlo  colloids,  did  not  show  an 
appreciable  change  In  aggregation   Host  and  Howies  (5D  oonoluded 
thnt  day  and  organlo  matter  are  limiting  aggregation  faotors.  In 
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Boat  of  the  soils  they  Investigated,  they  found  that  humus  rapidly 
lost  its  effect  after  the  soil  oontained  2  to  2.5  peroent  or  more 
humus.  ?.'ork  done  by  Aokeraan  and  Myers  (1)  on  a  olaypan  soil  in- 
dicated that  there  is  no  correlation  between  water-stable  aggre- 
gates and  organic  matter  content.  Retzer  and  Russell  (49),  Rogers 
(50),  and  Stauffer,  T.Tuokenhirn,  and  Odell  (58)  found  no  simple  re- 
lationship between  the  total  organio  carbon  and  the  degree  of  ag- 
gregation of  field  soils.  MoRenry  and  Russell  (38)  observed  that 
undeoomposed  organio  matter  reduoed  aggregation.  They  oonoluded 
that  incubation  of  the  organio  material  is  first  neoessary  before 
Improved  aggregation  will  result. 

Johnston,  Browning,  and  Russell  (29)  found  that  the  size  of 
distribution  of  soil  aggregates  may  be  influenced  materially  by 
the  oropplng  system,  with  the  greatest  number  of  larger  sized 
aggregate e  in  bluegraas  followed  by  red  olover,  oats,  rotation 
corn,  and  continuous  corn,  respectively.  Aekerman  and  Myers  (1) 
fount:  that  alfalfa  brought  about  marked  Improvement  of  the  soil 
structure  but  this  improvement  disappeared  within  three  years  af- 
ter the  alfalfa  sod  was  broken.  Elaon  (20,  21,  22)  reported  that 
continuous  corn  or  wheat  reduoed  the  aggregation  of  the  soil. 
The  manuring  of  continuous  oorn  or  wheat  caused  an  lnorease  in 
aggregation.  In  a  rotation  with  oorn,  wheat  and  white  olover, 
with  no  manures  or  fertilizers,  the  aggregation  under  eaoh  orop 
was  not  signifioantly  different.  When  manure  and  fertilizer  were 
used,  the  white  olover  gave  the  best  aggregation.  Bide  and  Mer- 
ger (27)  found  that  wheat  and  sweet  olover  produced  similar  re- 
sults but  alfalfa  produoed  lnoreaeed  aggregation,  unexpectedly, 
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grass  soda  caused  lower  aggregation  than  did  many  other  oropa. 
Ruaaall  ($2)  reported  that  Russian  workers  hare  found  that  two  or 
three  years  of  grasa  sod  are  essential  before  improvement  In 
struoture  is  noticeable   Van  Doren  and  Stauffer  (60)  found  that 
oorn  provided  for  better  aggregation  of  the  soil  than  will  soy- 
beans. Myers  and  Myers  (43)  also  found  that  a  legume  rotation 
will  cause  a  better  physloal  oonditlon  in  the  soil  than  a  nonleg- 
uae  rotation. 

Investigations  made  by  Martin  and  Wakaaan  (3$)  revealed  that 
alfalfa  and  straw  were  more  effeotive  than  manure,  which  in  turn 
was  more  effective  than  peat  and  lignln,  in  establishing  aggregates 
Kolodny  and  Keal  (31)  have  done  work  which  suggested  that  any  oon- 
ditlon causing  the  soil  to  dry  thoroughly  would  be  effeotive  in 
structural  attainment.  The  deslooating  effect  on  the  soil  of 
grasa  sods  produoes  the  necessary  alternate  wetting  and  drying 
whioh  is  effeotive  in  structural  attainment.  They  also  stated 
that  any  faotors  operating  In  the  soil  whioh  tend  to  prevent  the 
wetting  of  the  oolloidal  lnterfaee  will  help  to  prevent  dispersion. 
A  proteotlve  coating  of  organic  matter  or  entrapped  air  is  effeo- 
tive. Deslooated  humus  tends  to  he  hydrophobic  and  thus  resists 
dispersion.  Clay  oollolda  are  hydrophilllo  and  thus  tend  to  dis 
perse . 

Biological  aotlvity  in  the  soil  has  its  effeot  on  the  soil 
struoture.  MoCalla  (36),  Myers  and  MoCalla  (42)  and  Peele  and 
Beale  (48)  found  that  biologioal  decomposition  oaused  inoreased 
stability  of  the  soil  structural  units,  but  this  effeot  was  only 
temporary  and  apparently  remained  only  as  long  as  the  biological 
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by-products  lasted.  ':ndar  the  conditions  of  his  experiment,  Daw- 
son (16)  found  no  relationship  between  microbial  population  on 
one  hand  and  soil  aggregation  or  orop  yield  on  the  other.  Myers 
and  MoOalla  (42)  found  that  In  no  lnstanoe  did  maximum  aggregation 
ooinoide  with  maximum  baoterial  numbers  but  lagged  behind  the  bac- 
terial numbers  during  both  the  growth  and  the  death  phases.  Suoh 
investigators  as  Geltzer  [2k),   Martin  (33),  Myers  and  MoCalla  (42), 
and  Peels  (47)  hare  gathered  data  whioh  indioated  that  baoteria 
were  associated  with  the  aggregation  of  soil  partloles  in  so  far 
as  they  are  responsible  for  the  aooumulatlon  of  certain  metabolio 
products  that  function  as  oementing  materials.  Dawson  (18)  also 
reported  that  where  fungi  were  Involved,  the  mycelium  played  an 
Important  role  in  soil  aggregation. 

There  has  been  a  great  amount  of  work  done  by  suoh  investiga- 
tors as  Aldorfer  and  Merkle  (3),  Browning  and  Milan  (15,  16),  liar- 
tin  and  Waksman  (34,  3$),  and  Myers  (40,  41)  whioh  suggested  that 
lime  with  decomposing  organio  material  oaueed  improved  aggregation 
of  the  soil,  while  lime  alone  had  little  effeot  or  possibly  pro- 
duced a  deorease  in  aggregation.  Alderfer  and  Merkle  (3)  also 
collected  data  whioh  indicated  that  lime  with  commercial  Inorganic 
fertilizers,  gave  no  improvement  in  structural  stability. 

Data  have  been  collected  by  Baver  and  Hall  (6),  Slson  and 
Lutz  (23),  and  Myers  (40)  whioh  indioated  that  oalolum  colloids 
are  more  readily  dispersed  in  water  than  hydrogen  oollolds. 
Myers  (40)  found  that  oalolum  or  hydrogen-saturated  organio  ool- 
lolds were  several  times  more  effeot lve  in  oementing  sand  partl- 
oles Into  water-stable  aggregates  than  were  the  corresponding  In- 


12 


organic  colloids.  An  interesting  piece  of  work  done  by  Klson  and 
Lutz  (23)  Indicated  that  the  addition  of  oalolum  to  the  soil 
through  superphosphate  resulted  in  deoreased  aggregation.  This 
was  apparently  due  to  the  formation  of  oaleium  humatos.  They 
found  that  hydrogen  and  sesquioxide  hunates  inoreaeed  aggregation 
regardless  of  the  amount  of  organic  matter,  thus  indicating  that 
the  total  amount  of  organio  matter  is  not  as  important  as  the 
oonditlon  of  humus  in  oausing  aggregation.  Lutz  (32)  proposes 
that  Iron  may  serve  as  a  flocculating  agent  as  well  as  a  cementing 
agent  in  the  soil. 

The  methods  used  in  determining  water-stable  aggregates  will 
influence  the  amount  of  aggregates  found  within  different  size 
groups.  According  to  suoh  investigators  as  Baver  and  Rhoades  (7), 
Slson  (20),  Nljhawan  and  Olmstead  (45),  and  Russell  ($2),  air 
drying  of  the  soil  before  making  the  aggregate  analysis  will 
oause  the  percentage  of  water-stable  aggregates  to  be  lower.  They 
reported  that  restoration  of  the  moisture  by  oaplllary  or  vaouum 
wetting  of  the  soil  before  analysis  was  made  tended  to  oorreot 
this  situation.  Bason  (20),  Myers  and  MoOalla  (42),  Slderl  ($5), 
and  v.'oodburn  (63),  pointed  out  that  It  appeared  as  though  drying 
destroyed  the  aggregating  effeot  of  the  water  films.  Alderfer  (2) 
suggested  that  the  season  of  the  year  when  the  soil  samples  were 
taken  may  influenoe  the  degree  of  aggregation. 

Organio  Carbon  and  Total  Nitrogen 

Investigators  in  soil  soienoe  are  in  general  agreement  that 
any  soil  treatment  or  cropping  system  that  will  cause  succeeding 
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crops  to  grow  more  abundantly  will  also  cause  the  organic  carbon 
oontent  of  the  soil  producing  suoh  orops  to  be  at  a  higher  level 
than  a  soil  producing  crops  that  are  not  so  abundant  In  growth 
It  Is  also  generally  aooepted  that  as  the  organio  carbon  oontent 
of  the  soil  goes  up  so  does  the  nitrogen  oontent  but  not  neoeasa- 
rlly  at  the  sane  rate.  Suoh  authorities  as  Aokerman  and  Myers  (1), 
Bogaohuk  and  Kurapov  (9),  Metzger  (39),  Rogers  (50),  and  Salter 
(53)  have  oolleoted  data  which  indicated  that  an  application  of 
lima  on  soils  deficient  in  oalolua,  or  add  in  reaction,  caused  in- 
proved  plant  growth,  particularly  in  the  ease  of  the  legumes.  Work 
by  Browning  (14)  end  Hide  and  Metzger  (26,  27)  gave  added  proof  to 
the  aooepted  belief  that  cultivation  over  the  rears  oauses  a  re- 
duction of  organio  oarbon  and  total  nitrogen  content  of  the  soil. 
Dean  (19)  has  shown  that  the  nitrogen  oontent  of  a  soil  did  not  In- 
crease In  as  great  proportions  as  did  the  organio  oarbon  oontent. 

Although  the  effects  tended  to  be  In  the  sane  direction,  some 
orops  oaused  a  different  effeot  on  the  soil  with  different  soil 
treatments.  Stauffer  (57)  and  Stauffer,  Muokenhirn,  and  Odell  (56) 
found  that  an  unfertilized  continuous  oorn  plot  was  lower  in  organ- 
io oarbon  than  the  fertilized  oorn,  oats  and  olover  rotation. 
Metzger  (39)  found  that  alfalfa  on  a  previously  oultivated  eoil  In- 
creased the  nitroren  and  oarbon  oontent  of  the  soil  in  spite  of  the 
faot  that  the  top  growth  was  removed  for  hay.  He  also  found  that 
manured  plots  and  fertilized  plots  contained  more  nitrogen  and  or- 
ganic oarbon  than  the  untreated  plots  beoause  of  the  inoreased 
orop  residue.  Applications  of  lime  held  the  nitrogen  and  organic 
oarbon  to  the  level  of  the  manured  and  fertilized  plots.  During 


the  time  of  their  experiment,  Johnston,  Browning  and  Russell  (29) 
found  that  oontlnuoue  corn  reduced  the  organic  matter  content  of 
the  soil  from  3.39  percent  in  1931  to  2.86  percent  in  1942.  They 
found  no  significant  differences  in  the  organio  natter  content 
under  bluegraas  or  a  rotation  of  oorn,  oats  and  olover  during  the 
time  of  the  investigation.  Salter  and  Green  (54)  hare  estimated 
that  a  single  year's  cropping  to  the  various  crops  has  inoreased 
or  decreased  the  organio  carbon  content  of  the  soils  in  Ohio  by 
the  following  percentages  of  the  total  organic  carbon  present  in 
the  soil:  corn,  -3.12;  wheat,  -1.44;  oats,  -1.41;  hay  in  5-year 
rotation  (timothy  predominating),  +1.36;  hay  in  3-yoar  clover 
rotation,  +9.25.  The  corresponding  values  for  nitrogen  are:  corn, 
-2.97;  wheat,  -1.56;  oats,  -1.45;  hay  in  5-year  rotation,  *0.64; 
hay  in  3-year  rotation,  +2.87.  They  also  found  that  residues 
from  the  oorn  crop  were  of  little  value  in  conserving  soil  nitro- 
gen or  organio  matter,  residues  from  oats  were  notably  effeotive, 
and  residues  from  wheat  crops  were  intermediate  in  value.  These 
Investigators  estimated  that  about  one-half  of  the  nitrogen  and 
organio  carbon  oonserved  during  32  years  in  the  soil  of  a  liberal- 
ly manured  plot  in  the  five-year  rotation,  was  due  to  residue* 
from  the  larger  crops  grown.  The  applications  of  the  manure  left 
residues  whloh  probably  aocount  for  the  remainder  of  the  organio 
carbon  and  nitrogen  conserved. 

Carbon-nitrogen  Ratio 

The  faot  that  the  carbon-nitrogen  ratio  widens  with  inoreased 
annual  rainfall  or  deereased  annual  temperature  is  general  knowl- 


15 


edge  among  soils  investigators.  Deoreasing  temperature  has  the 
sane  effeot  as  lnoreased  altitude.  Dean  (19)  observed  these 
faots  in  his  investigations  of  Hawaiian  soils.  Salter  (53)  gen- 
eralized on  some  well-known  faots  when  he  wrote  that  a  oarbon- 
nltrogen  ratio  wider  than  10  to  1  caused  the  loss  of  organio 
carbon  from  the  soil  and  that  when  the  ratio  was  narrower  than 
10  to  1  there  tended  to  be  a  saving  of  organio  carbon  or  a  loss 
of  nitrogen.  Metzger  (39)  found  that  wheat  maintained  a  wider 
oarbon-nitrogen  ratio  than  did  alfalfa  in  the  same  soil.  Hide 
and  Metzger  (27!  reported  that  the  oarbon-nltrogen  ratio  was 
wider  in  well-aggregated  soil  fractions  than  in  the  poorly  aggre- 
gated fraotion.  Bison  (21)  obtained  information  whloh  indioated 
that  the  oarbon-nltrogen  ratio  was  not  slgnifioantly  different 
from  sample  to  sample.  This  information  was  in  agreement  with 
Post  and  Rowles  (5D  who  found  that,  although  organio  matter 
was  positively  correlated  with  soil  aggregation,  there  was  no 
correlation  between  the  carbon-nitrogen  ratio  and  aggregation. 

STATISTICAL  1ETII0DS  USED 

Slnoe  the  experimental  plots  used  in  this  investigation  are 
arranged  systematically,  the  validity  of  the  analysis  of  variance 
is  questionable.  Therefore  a  number  of  comparative  observations 
were  neoessarlly  made.  A  correlation  of  the  various  faotors  in- 
vestigated seemingly  was  Justified.  Procedures  used  for  the  sta- 
tistical analysis  of  the  data  were  taken  from  Snedeeor  (56). 
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KXPKRIHBHTAI.  PROCEDURES  AND  RESULTS 

Moisture  Equivalents 

The  moisture  equi Talent  determinations  were  raede  during  the 
summer  months  of  1947 •  The  temperature  of  the  laboratory  during 
the  time  of  the  actual  determinations,  with  three  exceptions, 
ranged  from  32°  to  39°  C. 

The  prooedure  used  for  maldng  the  moisture  equivalent  deter- 
minations was  very  similar  to  the  one  Velhmayer,  Ossrkowsky  and 
Tester  (61)  recommended .  since  soils  laboratories  vary  in  equip- 
ment, a  number  of  minor  variations  from  the  old  aooepted  standard 
procedure  have  resulted,   ,'nus  the  prooedure  used  for  making  the 
moisture  equivalents  Is  given  in  detail. 

Kseh  sample,  after  having  been  air  dried  and  put  in  storage 
for  six  months,  was  crushed  so  as  to  pass  a  10-mssh  sieve.  Any 
sand  or  gravsl  which  would  not  pass  this  sieve  was  discarded. 
After  passing  the  10-mesh  sieve,  the  coarser  material  was  crushed, 
meohanloally,  still  further,  taking  oare  not  to  pulvarlze  the  soil. 
This  added  orushin^  was  done  for  the  purpose  of  dooreasing  the  size 
of  the  pore  spaces  in  the  sample  to  a  more  favorable  size  when  the 
soil  was  plaoed  in  the  centrifuge  boxes. 

The  bottoms  of  the  centrifuge  boxes  were  carefully  covered 
with  squares  of  thin  filter  paper  whioh  were  Just  a  fraotion 
larger  than  the  bottoms  of  the  boxes.  This  oversize  in  filter  pa- 
per was  an  addsd  insurance  against  the  loss  of  soil.  The  boxes 
were  then  filled  with  enough  air-dry  soil  so  that  the  combined 
weights  of  filter  paper  and  oven-dry  soil  would  bs  approximately 
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30  grams.  The  air-dry  soil  carried  between  one  and  one  and  a 
half  percent  moisture  on  the  oven-dry  bases.  Care  was  exercised 
in  keeping  the  fine  and  coarse  soil  uniformly  mixed  throughout 
the  sample.  The  surface  was  then  smoothed  with  a  speoially  pre- 
pared block  of  wood  so  that  the  curvature  of  t  he  sample  surf aoe 
would  be  approximately  the  same  as  the  curvature  of  the  oentri- 
fuge  bowl.  There  were  eight  soil  samples  in  a  set  plus  their 
respective  duplicates. 

Baoh  set  of  samples  was  placed  In  a  flat  glass  vessel  and 
enough  distilled  water  was  added  to  just  oover  the  soil  in  the 
boxes.  These  samples  were  allowed  to  stand  over  night  in  the  wa- 
ter and  were  permitted  to  drain  two  to  four  hours  the  next  morning 
before  oentrifuging. 

The  samples  were  so  arranged  in  the  oentrlfuge  that  the  du- 
plicates were  opposite  oaoh  other.  This  served  to  keep  the  oen- 
trlfuge balanoed.  The  samples  were  then  oentrifuged  for  40 
minutes  at  a  foroe  1000  times  that  of  gravity.  The  centrifuge 
was  brought  to  the  desired  speed  in  approximately  two  minutes. 

The  oentrlfuge  used  was  an  early  model  of  the  International 
Instrument  Company.  A  Frahm,  vibrating  reed,  Tachometer,  mounted 
on  the  base  of  the  oentrlfuge  ..as  used  to  determine  the  speed  of 
the  oentrlfuge.  The  speed  was  regulated  by  a  hand -manipulated 
rheostat  which  was  mounted  next  to  the  oentrlfuge. 

After  oentrifuging,  the  samples,  including  the  boxes  and  fil- 
ter papers,  were  Immediately  plaoed  in  a  humidor,  taken  to  a  Tor- 
sion Balance  and  weighed  to  the  nearest  .01  gram.  The  samples 
were  then  plaoed  in  an  oven  and  dried  over  night  at  105°  C.  After 
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ooollng  In  a  deaiooator,  the  samples  wsrs  weighed.  The  moisture 
equivalent  (peroent  moisture  on  the  oven-dry  bases)  was  calculated 
by  the  following  equation: 

Moisture  equivalent  - 

wt.  of  box  and  wet  sample  -  wt.  of  box  and  dry  sample  x  ^0(j 
wt.  of  dry  sample  and  box  -  wt.  of  box 

This  equation  inoludes  the  filter  paper  as  soil.  According  to 
work  done  by  Olmstead  (46),  results  are  probably  most  aeourate  If 
the  filter  paper  is  included  as  soil.  This  is  done  beoause  it  is 
very  difficult  to  determine  the  amount  of  water  the  filter  paper 
oontalns  when  the  oentrifuging  Is  over.  The  filter  paper  probably 
oontalns  more  water  ifter  the  oentrlfuge  is  stopped  than  before  the 
centrifuge  starts  to  slow  down.  The  weight  of  the  filter  pore  was 
only  about  0.16  gram. 

Only  the  average  moisture  equivalent  value  for  eaoh  plot  of 
eaoh  series  (Table  2)  was  recorded  in  this  investigation. 

Tabic  2.  Mean  moisture  equivalent  value  of  eaoh  plot  of  eaoh 
series.  (Kaoh  value  represents  the  average  of  nine 
samples.) 
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An  examination  of  Table  2  and  Fig.  1  revealed  a  number  of  in- 
teresting faots.  First  of  all  it  was  observed  that  the  average 
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Fig.  1.  A  comparison  of  moisture  equivalent  values  of  soils  under  a  legume 
rotation  with  a  non-legume  rotation  and  also  a  comparison  of  soils 
receiving  treatments (such  as  lime,  manure ,   etc.)  with  soils 
receiving  no  treatments. 
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A  plot  to  plot  comparison  of  moisture  equivalent  values  in  each 
series . 


moisture  equivalent  value  of  all  of  the  plots  In  eaoh  series  with 
a  legume  rotation  had  a  higher  moisture  equivalent  than  the  non- 
legume  plot  of  each  aorles,  with  but  one  exception.  The  differ- 
ences between  the  legume  and  the  nonlegune  rotations  are  not 
statistloally  significant.  {Appendix,  Table  9.)  *  comparison  of 
the  no-treatment  plot  of  eaoh  series  with  the  plots  reoelvlng  some 
sort  of  treatment  Is  very  similar  to  the  previous  comparison  ex- 
oept  that  the  differences  were  statistloally  significant.   (Appen- 
dix, Table  10.) 

In  both  comparisons  In  Series  A,  the  results  were  Just  oppo- 
site those  which  most  Investigators  have  reported.  The  reason 
for  these  results  was  quickly  answered  by  determining  the  organio 
carbon  content  of  eaoh  plot.  Plot  12  of  Series  A  proved  to  be 
higher  in  organio  carbon  {Table  4)  than  any  other  plot  of  the  se- 
ries. Table  7  indicated  that  the  correlation  between  organio 
carbon  and  moisture  equivalent  was  highly  significant  statistical- 
ly in  a  positive  direotlon. 

An  analysis  of  varianoa  (Appendix,  Table  8a)  showed  a  highly 
significant  interaction  between  crops  and  soil  treatments,  and  a 
highly  significant  difference  between  soil  treatments. 

A  comparison  of  the  two  plots  whloh  differed  only  in  super- 
phosphate treatment  (riots  6  and  7  of  Fig.  2)  indloated  that  the 
use  of  superphosphate  seemed  to  slightly  increase  the  moisture 
equivalent  value  of  the  soil.  A  glance  at  Fig.  8  indicated  that 
the  organio  oarbon  oontent  of  the  same  two  plots  compared  about 
the  sea*  as  did  the  moisture  equivalent  values.  The  variations 
between  the  plots  were  not  statistloally  different.  As  some  work- 
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era  (23)  hare  suggested,  the  extra  oaloiua  added  to  the  plot 
through  the  use  of  superphosphate  (Table  1)  nay  hare  oaused  this 
difference  between  the  moisture  equivalent  values  of  the  two  plots. 
However,  the  amount  of  oaloium  added  would  be  relatively  small  com- 
pared to  the  amount  added  to  both  of  the  plots  In  the  form  of  lj 
tons  of  limestone  per  aore  only  the  fall  before  the  samples  were 
taken.  The  dlfferenoe  was  probably  due  to  the  lnoreased  plant  res- 
idues which  were  produoed  as  the  result  of  the  addition  of  an  es- 
sential plant  nutrient,  phosphorus,  whloh  Is  known  to  be  highly 
deficient  in  Southeast  Kansas  soils. 

A  comparison  of  Plot  12,  the  no-treatment  plot,  with  Plot  1, 
the  plot  receiving  only  lime,  showed  that,  with  exception  of  Se- 
ries A,  the  use  of  lime  had  oertalnly  maintained  a  higher  moisture 
equivalent  value.  These  higher  moisture  equivalent  values  were 
probably  due  to  a  generally  higher  level  of  organic  matter  (Fig. 
8),  and  to  the  direot  effeot  of  the  lime.  The  lime  had  been  on 
this  series  only  one  year  slnoe  the  last  application.  The  compar- 
ison of  Plots  1  and  12  sight  be  somewhat  questionable,  slnoe  they 
are  looated  on  opposite  ends  of  each  series. 

In  a  general  way,  it  may  be  said  that  any  of  the  soil  treat- 
ments used  in  this  investigation  raised  the  moisture  equivalent 
as  oompared  to  no  soil  treatment  (Plot  12).  figure  2  indloated  in 
general  that  the  treatments  of  Plots  1  and  7  resulted  in  a  gener- 
ally higher  moisture  equivalent  than  the  treatments  of  Plots  10, 
11,  and  12.  These  differences  may  be  due  either  to  soil  treat- 
ments or  to  crop.  With  the  exoeptlon  of  the  series  on  whloh  the 
alfalfa  ooourred,  the  crop  changed  on  eaoh  plot  every  year.  This 
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mad*  it  impossible  to  successfully  ascertain  the  individual  effeot 
of  crops  on  the  moisture  equivalent  values.  Series  C  was  in  al- 
falfa the  four  years  prior  to  1946,  yet  the  moisture  equivalent 
values  of  that  series  were  not  distinctly  different  from  any  other 
aeries  with  the  possible  exception  of  Series  ?.  Series  ?   had  not 
had  alfalfa  on  It  slnoe  1929  (Appendix,  Table  8).  The  last  year 
for  sweet  elovor  to  ooour  on  this  series  was  in  1942. 

The  unusually  high  moisture  aqulvalent  values  in  Plots  6 
and  7  in  Series  7  may  have  been  due  to  the  eight  tons  per  aore 
application  of  manure  (Table  1)  made  on  the  wheat  series  Just  be- 
fore it  was  plowed.  The  situation  in  Series  E  oould  not  be  ex- 
plained on  the  same  basis  as  was  Series  7  because  the  last  appli- 
cation of  manure  made  on  Series  E  was  in  the  fall  of  1942.  Series 
A  and  D  received  equal  applications  of  manure  in  the  fall  of  1943 
and  1944,  respectively.  The  situation  in  Series  K,  like  the  one 
previously  mentioned  in  Series  A,  oould  not  be  satisfactorily  an- 
swered from  data  oolleoted  in  this  investigation.  It  was  true 
that  the  orgonio  oarbon  content  of  these  plots  was  also  generally 
high,  but  as  to  why  the  carbon  content  was  so  high  can  not  logi- 
oally  be  answered  here. 

Water-Stable  Aggregates 

The  procedure  used  to  make  the  determinations  was  the  one  de- 
scribed by  Nichols  (44)  with  one  variation.  A  meohanloal  analysis 
was  not  made.  Therefore,  the  different  groups  of  separates  of 
the  meohanloal  analysis  were  not  subtracted  from  the  respective 
separate  groups  of  the  aggregate  analysis. 
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The  water-atable  aggregate  determinations  wars  mad*  during 
the  early  part  of  1947.  Saoh  of  the  324  aaaplea  was  analyzed  In 
duplicate  and  the  average  of  these  duplicates  was  recorded  for  sta- 
tistical interpretation.  Only  the  aggregated  fraotlon  of  the 
sample  larger  than  0.20  aa.  was  used  In  this  study.  Tlulln  ($9) 
suggested  that  the  aggregates  larger  than  0.25  am.  are  responsible 
for  favorable  structural  relationships  in  the  soil. 

Only  the  average  aggregation  of  eaeh  plot  of  eaoh  series 
(Table  3)  Is  reoorded  in  this  paper.  These  values  were  used  for 
the  comparisons  whioh  were  made.  An  analysis  of  varianos  was  not 
applied  to  these  data,  however.  An  analysis  of  varianos  (Appen- 
dix, Table  11)  was  made  on  the  entire  324  samples. 

Table  3.  Mean  percentage  of  water-stable  aggregates  larger  than 
0.20  mm.  (Seen  value  represents  the  average  of  eaeh  re- 
spective plot.) 
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1 
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25.08 

21.90 

18.15 

23.74 

21.56 

22.71 

F 

26.78 

22.53 

24.97 

22.71 

26.39 

22.22 

24.27 

The  analysis  of  variance  of  the  324  samples  suggested  that 
there  was  a  significant  difference  between  the  soil  series.  Since 
the  orope  changed  every  year  on  each  series  (Appendix,  Table  8), 
it  could  not  justly  be  said  that  the  significant  difference  was  be- 
tween orops.  Since  the  orops  were  not  grown  on  the  same  area  dur- 
ing successive  years,  with  the  exception  of  alfalfa,  it  was  diffi- 
cult to  satisfactorily  explain  why  some  of  the  series  were  slg- 
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Fig.  3.  A  comparison  of  aggregation  in  soils  under  a  legume  rotation  n 
non-legume  rotation  and  also  a  comparison  of  soils  receiving 
treatments  (such  as  lime,  manure,  etc.)  with  soils  receiving 
treatments . 
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nifioantly  different  In  water-stable  aggregates  larger  than  0.20 
mm.  Although  alfalfa  had  been  removed  from  Series  C  for  one  year, 
there  seemed  to  be  o  residual  effeot  of  the  alfalfa  on  the  soil 
(Fig.  4).  3eries  D  had  the  second  highest  peroentage  of  water- 
stable  aggregates  larger  than  0.20  mm.  Series  D  had  been  in 
alfalfa  for  a  three-year  period  previous  to  Series  C.  The  series 
with  the  next  highest  water-stable  aggregates,  Series  B,  had  been 
in  alfalfa  the  four-year  period  before  Series  D.  whether  this 
condition  in  Series  B  was  due  to  the  alfalfa  crop  whleh  was  plowed 
up  in  1938  may  be  questionable,  slnoe  it  is  the  general  thought  of 
many  investigators  that  an  improved  struotural  condition  of  the 
soil  due  to  alfalfa  will  be  apparent  only  about  three  years  after 
the  alfalfa  is  plowed  under.  On  the  bsis  of  this  assumption,  it 
may  be  doubtful  that  the  oondition  in  either  Series  B  or  D  was 
due  to  the  residual  effeot  of  the  earlier  alfalfa  orops.  The 
lower  aggregation  in  Series  A  and  E  may  have  been  due,  in  part,  to 
the  intensive  cultivation  the  plots  of  each  series  received  during 
the  year  and  a  half  previous  to  the  date  of  sampling. 

Another  possible  reason  for  the  lower  aggregation  of  the  soil 
in  Series  A  nay  have  been  due  to  the  lime  added  the  year  before. 
The  fall  before  sampling,  Series  A,  with  the  exception  of  Plot  12, 
reoelved  a  ton  and  a  half  application  of  finely  ground  limestone 
per  acre.  This  lime  may  have  directly  caused  some  dispersion  of 
the  soil  aggregates.  Plot  10  indicated  that  it  was  as  highly  ag- 
gregated as  the  plot  receiving  no  lime  (Plot  12).  This  would 
suggest  that  the  lime  had  no  effeot.  Plot  10  was  in  broae  grass 
and  redtop,  while  Plot  12  was  in  alfalfa,  although  at  sampling 
time  it  appeared  that  much  of  the  alfalfa  was  being  replaced  by 
wild  grasses. 
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Plot  10  of  Series  E  gave  a  very  low  result  ooapared  to  the 
average  of  any  of  the  other  plots  of  the  rest  of  the  series.  This 
oondltlon  may  be  explained  In  part  by  the  faot  that  the  sorghum 
crop,  substituted  for  soybeans  on  the  nonlefume  plot,  was  killed 
early  In  the  growing  season  by  ohlnohbugs.  Due  to  dry  weather, 
receding  was  not  possible  and  thus  the  plot  was  essentially  under 
a  period  of  summer  fallow  during  the  remainder  of  the  simmer.  The 
summer  fallow  would  probably  have  tended  to  destroy  the  water- 
stable  aggregates  of  the  soil. 

A  oomparlson  of  the  water-stable  aggregates  of  all  of  the 
plots  receiving  a  legume  rotation  In  eaoh  series  with  the  nonleg- 
ume  rotation  (Tig.  3)  showed  no  statistically  significant  dif- 
ferences (Appendix,  Table  12).  Further  examination  of  Fig.  3 
would  suggest  that  within  Series  A  and  B  alone,  the  peroent  water- 
stable  aggregates  was  higher  in  the  nonlegums  plots  than  in  the 
legume  rotation.  Ordinarily,  one  would  expeot  the  legume  rotation 
to  be  most  highly  aggregated.  Series  C,  D,  5,  and  P  within  them- 
selves had  a  higher  degree  of  aggregation  in  the  legume  rotation 
than  in  the  nonlegume  rotation.  A  comparison  of  the  plot  re- 
ceiving no  soil  treatment,  riot  12,  with  all  of  the  plots  reoeiving 
some  sort  of  treatment,  as  lime,  manure,  superphosphate,  etc., 
showed  that  there  were  no  consistent  significant  differences  in 
any  of  the  series  (Appendix,  Table  13). 

The  analysis  of  varianoe  (Appendix,  Table  11),  indioated  a 
highly  significant  interaction.  Slnoe  there  were  no  plots  with  a 
continuously  grown  orop,  it  was  not  possible  to  deolde  just  where 
the  interaction  ooourred.  Perhaps  the  lack  of  consistent  differ- 
ences in  degree  of  aggregation  between  orop  rotations  or  soil 
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treatments  could  be  explained  by  Interaction.   It  was  found  that 
the  degree  of  aggregation  correlated  with  none  of  the  faotore 
studied  in  this  investigation,  with  the  exoeption  of  the  oarbon- 
nltrogen  ratio  (Table  7).  The  soils  investigated  were  probably 
too  high  in  either  organic  natter  or  aotlve  inorganio  colloids, 
or  both,  to  show  a  significant  correlation  between  percent  organio 
carbon  and  percent  water-stable  aggregates  larger  than  0.20  mm. 
There  was,  however,  an  indication  of  a  negative  correlation  (Table 
7)  between  aggregation  and  the  oarbon-nltrogen  ratio.  This  indi- 
cated that  as  the  carbon-nitrogen  ratio  became  wider  the  percent 
of  aggregated  soil  beoame  smaller,  thus  suggesting  that  it  was  the 
end  produots  of  decomposed  carbonaceous  materials  which  w^re  re- 
sponsible for  improved  aggregation  and  not  the  more  oarbonaoeous 
organio  materials. 

Organio  Oarbon  and  Total  Nitrogen 

The  organio  oarbon  determinations  were  made  by  the  Sohollen- 
berger  method,  using  the  reduotlon  of  ohromio  acid  as  outlined  by 
Allison  (4).  The  results  reoorded  in  this  paper  were  the  average 
peroents  of  organio  oarbon  for  each  plot  of  each  series  studied 
(Table  4). 

The  total  nitrogen  determination  followed  the  Ounning-Hibbard 
procedure  (5)  but  was  modified  according  to  the  steps  of  previous 
work  done  by  Metzger  (39).  As  for  the  carbon  determinations,  only 
the  average  percent  nitrogen  oontent  of  each  plot  of  eaoh  series 
was  reoorded  In  this  investigation  (Table  5)- 

The  analysis  of  varlanoe  (Appendix,  Tables  17  &  14)  for  organ- 
io oarbon  and  total  nitrogen  was  made  on  the  324-sample  determine- 


tlona  made.  Theae  324  determinationa  are  not  reoorded  in  this  pa- 
par. 

It  was  Itound  that  tha  total  nitrogen  and  the  organic  carbon 
content  of  the  samples  had  a  very  high  poaitlve  correlation  (Table 
7).  Thus  It  seemed  proper  to  dlsouss  both  total  nitrogen  and  or- 
ganic oarbon  together. 


Table  4.  Poroent  organlo  carbon  In  each  plot  of  each  series.  (Kaoh 
value  represents  the  average  of  nine  samples.) 
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Tablo  5.  Peroent  total  nitrogen  in  eaoh  plot  of  oaoh  aeries.  (Kaoh 
value  repreaanta  the  average  of  nine  aamplea.) 
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An  analyaia  of  varlanoe  (Appendix,  Tables  14  »  17)  for  both  to- 
tal nitrogen  and  organlo  oarbon  indicated  that  there  were  no  eignif- 
loant  differences  between  the  reapeotive  series.  There  were,  how- 
ever, highly  significant  interactions.  The  differences  between  soil 
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Fig.  5.  A  comparison  of  the  percent  nitrogen  in  soils  under  a  legume  rotation 
with  a  non-legume  rotation  and  also  a  comparison  of  soils  receiving 
treatments,  (such  as  lime,  manure,  etc.),  with  soils  receiving  no 
treatment . 
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treatments  were  also  highly  significant.  An  examination  of  Figs. 
6  and  8  illustrated  very  well  that  soil  treatments  did  influenoe 
the  peroent  nitrogen  and  organic  carbon  carried  in  the  soil.  Plot 
10,  the  nonlegune  rotation  plot,  carried  the  least  amount  of  nitro- 
gen and  organic  carbon  of  any  plot  of  any  series  other  than  Series 
A.  Within  Series  A,  Plot  1,  the  lime  plot  on  which  a  legume  rota- 
tion was  followed,  oarried  the  least  nitrogen  and  organio  carbon 
of  that  series.  Why  this  condition  ooourred  could  not  be  satisfac- 
torily explained  in  this  investigation.  It  would  seem  that  Plot  1 
of  Series  A  would  have  been  in  muob  better  condition  for  the  pro- 
duction of  organio  matter  than  Plot  10  of  the  same  series.  Plot  12 
of  oaoh  series  followed  along  very  well  with  Plot  10,  which  indicat- 
ed that  a  legume  rotation  without  some  soil  treatment  was  very 
little  more  effeotlve  than  the  soil  treatments  without  a  legume  ro- 
tation. This  suggested  that  the  two  were  needed  together  in  order 
to  Keep  the  organic  oarbon  and  total  nitrogen  content  of  the  soil 
relatively  high,  thus  explaining  the  highly  significant  interaction. 

A  study  of  Pigs.  6  and  8  showed  that  Plot  12  of  3eries  A, 
whloh  was  in  alfalfa  at  the  tine  of  sampling,  was  higher  in  total 
nitrogen  and  organio  oarbon  then  any  other  plot  in  that  series. 
It  could  have  been  possible  that  Plot  12  was  in  suoh  a  condition 
that  mlorobial  activity  was  hindered  and  thus  organic  materials 
were  oonserved  rather  than  being  decomposed.  But  if  suoh  a  condi- 
tion existed  in  Series  A,  then  the  same  would  have  been  expected 
in  eaoh  of  the  other  series,  unless  It  would  be  due  to  the  alfalfa 
whloh  was  on  Series  A  for  the  first  time  slnoe  the  experiment  sta- 
tion was  organized. 
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An  analysis  of  variance  (Appendix,  Tables  15  and  18)  Indicat- 
ed that  a  legume  rotation  will  maintain  the  total  nitrogen  and 
organic  carbon  oontont  of  the  soil  at  a  slgnifloantly  higher  level 
than  a  nonlegume  rotation.  Also  it  was  lndioated  that  fertilized 
and  limed  soils  would  remain  higher  in  total  nitrogen  and  organic 
oarbon  oontent  than  a  soil  whioh  reoelved  neither  lime  nor  fertil- 
izer (Appendix,  Tables  16  and  19). 

Carbon-nitrogen  Ratio 

The  carbon-nitrogen  ratios  recorded  in  this  investigation 
were  arrived  at  by  first  dividing  each  of  the  324  organic  oarbon 
determinations  by  their  respective  324  total  nitrogen  determina- 
tions. From  these  values,  the  average  value  for  each  plot  of 
eaoh  series  was  calculated  and  recorded  in  Table  6. 

Table  6.  Average  carbon-nitrogen  ratio  of  eaoh  plot  of  eaoh  se- 
ries. (Sach  value  represents  the  average  of  nine  sam- 
ples . ) 
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An  analysis  of  variance  (Appendix,  Table  20)  lndioated  that 
the  oarbon-nltrogen  ratio  was  significantly  different  between  soil 
series.  There  was  also  a  significant  interaction.  An  examination 
of  Fig.  9  lndioated  that,  with  the  exception  of  Series  C,  the  non- 
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Fig.  9.  A  comparison  of  carbon-nitrogen  ratios  in  soils  under  a  legume 
rotation  with  a  non-legume  rotation  and  also  a  comparison  of 
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legume  rotation  has  a  wider  carbon-nitrogen  ratio  than  did  the  leg- 
ume rotation.  The  differences  between  the  two  rotations  were  sta- 
tistically aignlfloant  (Appendix,  Table  21).  The  plots  under  a 
legume  rotation  probably  produced  materials  which  were,  on  the  aver- 
age, less  oarbonaeeous  than  the  organio  materials  produoed  on  the 
nonlegume  rotation.  A  comparison  of  Plot  10  with  Plot  11  illus- 
trated the  samo  general  difference.  With  the  exoeption  of  Series 
C,  all  of  the  plots  which  received  lime,  manure  or  superphosphate, 
or  some  combination  of  these  treatments  (Fig.  9),  had  a  wider  oar- 
bon-nitrogen  ratio  than  the  no-treatment  plot,  Plot  12,  of  each 
series.  The  difference  between  these  two  groups  of  treatments  was 
also  statistically  significant  (Appendix,  Table  22).  There  seemed 
to  be  no  good  explanation  as  to  why  the  no-treatment  plots  should 
have  a  narrower  carbon-nitrogen  ratio  than  the  average  of  the 
plots  which  reoelved  lime,  manure  or  fertilizer  treatment.  There 
was  a  significant  positive  correlation  between  the  carbon-nitrogen 
ratio  and  the  organio  carbon  content  (Table  ?),  whioh  lndioated 
that  as  the  organio  carbon  oontent  of  the  soil  became  lower,  the 
carbon-nitrogen  ratio  beoame  narrower. 

A  comparison  of  the  nonlegume  plot,  whioh  reoelved  lime  and 
superphosphate,  with  the  no-treatment  plot,  whioh  had  a  legume  ro- 
tation (Fig.  9),  lndioated  that  the  no-treatment  plot  had  a  narrow- 
er carbon-nitrogen  ratio  than  the  nonlegume  plots.  This  difference 
was,  in  general,  the  same  difference  found  in  the  organio  carbon 
comparisons  ( Fig .  8 ) . 
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COIWBLATION  OF  MPKRDtEHTAL  DATA 

All  of  the  oaloulationa  used  In  Baking  the  correlation  deter- 
minations for  thla  Investigation  are  recorded  In  Table  7.  The 
data  for  these  calculations  were  taken  from  Tables  2,  3,  U,   5,  and 
6.  Slnoe  there  were  36  different  values  for  each  factor  studied, 
the  degrees  of  freedom  used  for  the  correlations  were  34.  There- 
fore, to  be  statistically  significant  at  the  10,  5,  1,  or  0.1 
peroent  levels,  the  significant  correlation  values  were  at  least 
0.279,  0.330,  0.U2U,   or  0.526,  respectively. 

The  water-stable  aggregates  correlated  only  with  the  oarbon- 
nltrogen  ratio  and  this  was  only  at  about  the  7  peroent  level 
(Table  7).  This  correlation  was  negative,  thus  it  lndioated  that 
as  the  oarbon-nitrogen  ratio  baoame  wider,  the  degree  of  aggrega- 
tion decreased.  This  correlation  lndioated  that  perhaps  aggrega- 
tion is  more  dependent  upon  the  humus  and  the  end  produota  of 
microbial  activity  in  the  soil  than  upon  the  more  carbonaceous 
organio  materials. 

The  moisture  equivalent  values  lndioated  a  positive  oorrela- 
tlon with  the  organic  carbon  and  the  total  nitrogen  contents  of 
the  soil  (Table  7)-  This  positive  correlation  would  be  ezpeoted, 
ainoe  organio  matter  has  a  very  high  affinity  for  water.  There- 
fore, with  increases  in  organio  carbon  and  total  nitrogen  of  the 
soil,  which  occurred  with  an  increase  in  organio  matter,  there 
were  lnoreases  in  the  amounts  of  water  held  in  the  soil.  The 
moisture  equivalent  values  were  probably  dependent  upon  the  organ- 
io matter  content  of  the  soil.  The  organic  matter  oontent  was 
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probably  not  dependent  upon  the  moisture  equivalent  values  of  the 
aoil. 

The  oorrelatlon  between  organlo  carbon  and  total  nitrogen  was 
positive  and  highly  significant.  The  oorrelatlon  indloated  that 
as  the  organio  oarbon  content  of  the  soil  increased,  so  did  the 
total  nitrogen  oontent.  It  was  known  by  many  earlier  investigators, 
that  as  more  and  more  organio  materials  were  produood,  the  amount 
of  organio  carbon  produced  was  inor eased.  Slnoe  nitrogen  was 
needed  for  plant  and  animal  growth,  the  total  amount  of  nitrogen 
used  was  also  increased. 

The  organio  oarbon  oontent  was  signlfloantly  and  positively 
oorrelatod  with  the  oarbon-nltrogen  ratio.  Suoh  a  oorrelatlon 
indicated  that  as  the  organio  oarbon  content  of  the  soil  in- 
oraased,  the  oarbon-nltrogen  ratio  became  wider.  3uoh  a  relation- 
ship would  have  ooourred  if  conditions  were  suoh  that  mioroblal 
activity  was  hindered,  thus  deoreasing  the  rate  of  decomposition 
of  organio  materials.  Therefore,  with  reduced  mioroblal  activity, 
organio  material  tended  to  aooumulate,  resulting  in  a  higher  or- 
ganio carbon  oontent  of  the  soil,  as  well  as  a  wider  carbon- 
nitrogen  ratio.  The  total  nitrogen  oontent  of  the  soil  did  not 
correlate  with  the  oarbon-nltrogen  ratio.  This  was  probably  due 
to  the  fact  that  the  relative  nitrogen  increases  were  muoh  smaller 
than  the  organio  oarbon  increases. 

MRUS 

This  study  lnoluded  the  determination  of  water-stable  aggre- 
gates, aolsture  equivalent  values,  the  percentage  organio  oarbon 
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and  total  nitrogen  content,  and  the  carbon-nitrogen  ratio  of  a 
claypan  soil  under  cultivation  in  Southeastern  Kansas. 

3oll  treatments  proved  to  give  highly  significant  differences 
In  the  moisture  equivalent  values  of  the  soil.  Soils  reoelvlng 
fertilizers  or  lime  had  higher  moisture  equivalent  values  than  the 
soils  receiving  no  lime  or  fertilizers. 

The  moisture  equivalent  values  had  a  highly  significant  pos- 
itive correlation  with  the  organic  oarbon  oontent  of  the  soil. 
The  use  of  manure  appeared  not  to  have  signifloantly  ohanged  the 
moisture  equivalent  values  of  the  soil.  There  was  some  evidenoe 
that  a  legume  rotation  caused  higher  moisture  equivalent  values. 
Moisture  equivalent  values  did  not  correlate  with  the  oarbon- 
nltrogen  ratios.  The  use  of  superphosphate  tended  to  Inerease 
the  moisture  equivalent  values  of  the  soil.  The  use  of  legumes 
without  any  Kind  of  soil  treatment,  or  the  use  of  lime  and  super- 
phosphate without  legumes  did  not  inorease  the  moisture  equiva- 
lent values  of  the  soil,  but  the  two  used  together  tended  to 
increase  the  moisture  equivalent  values. 

Differences  in  the  degree  of  aggregation,  apparently  due  to 
the  kinds  of  orops  previously  grown,  proved  to  be  highly  signifi- 
cant. 

Alfalfa  appeared  to  have  caused  an  inorease  in  the  degree  of 
aggregation  of  the  soil.  The  residual  effeot  of  alfalfa  on  the 
degree  of  aggregation  appeared  to  last  over  a  period  of  time  as 
long  as  eight  year a. 

The  treatment  of  the  soil  under  similar  orops  with  super- 
phosphate, manure  or  lime  apparently  caused  no  significant  differ- 
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enoes  in  the  degree  of  aggregation. 

The  correlation  of  aggregation  with  oarbon-nitrogen  ratio  was 
significant  at  about  the  7  percent  level  and  was  negative.  There 
were  no  significant  correlations  between  aggregation  and  moisture 
equivalent  values,  organio  carbon  oontent  or  total  nitrogen  content. 

The  total  nitrogen  and  organio  oarbon  oontent  proved  to  be 
higher  in  legume  rotations  than  in  the  nonlegume  rotation.  These 
values  also  proved  to  be  lower  under  a  legume  rotation  reoeiving 
no  soil  treatment  than  under  legume  rotation  receiving  soil  treat- 
ments. 

The  correlation  between  organic  oarbon  and  total  nitrogen  was 
positive  and  highly  significant.  Also  the  organio  oarbon  oontent 
of  the  soil  gave  a  significant  positive  correlation  with  the 
oarbon-nitrogen  ratio  of  the  soil.  There  was  not  a  significant 
correlation  between  the  oarbon-nitrogen  ratio  of  the  soil  and  the 
total  nitrogen  oontent  of  the  soil. 
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Table 

8.  The  sequenoe  of  the  orops  grown  upon 

eaoh  series 

•  during 

• 

the  20 

years  prior  to  the  tine  of  sampling. 

Year 

t  _ 

Series 

:     a 

B 

c      : 

D 

1    ■    ! 

F 

1946 

Alfalfa 

Flax 

Corn 

Oats  ft 

soybeans 

Soybeans 

Sw.  01. 

1945 

Oats  & 
Sw.  CI. 

Soybeans 

Alfalfa 

Wheat 

Corn 

Flax 

1944 

wheat 

Corn 

Alfalfa 

Flax 

Oats  ft 
Sw.  CI. 

Soybeans 

1943 

Flax 

Oats  1 
Sw.  CI. 

Alfalfa 

Soybeans 

Wheat 

Sorghum 

1942 

Soybeans 

Oats 

Alfalfa 

Corn 

Flax 

Oats  ft 
Sw.  01. 

1941 

Corn 

Flax 

Oats  ft 
3W.  CI. 

Alfalfa 

Soybeans 

Wheat 

1940 

Oats  * 
sw.  CI. 

Soybeans 

V.heat 

Alfalfa 

Corn 

Flax 

1939 

Wheat 

Corn 

Flax 

Alfalfa 

Oats  ft 
Sw.  01. 

Soybeans 

* 

1938 

Flax 

Alfalfa 

Soybeans 

Oats  ft 
Sw.  CI. 

Wheat 

Corn 

1937 

Soybeans 

Alfalfa 

Corn 

Wheat 

Flax 

Oats  ft 
Sw.  CI. 

1936 

Corn 

Alfalfa 

Oats  ft. 
Sw.  CI. 

Flax 

Soybeans 

Wheat 

1935 

Oats  ft 
Sw.  CI. 

Alfalfa 

Wheat 

No  Crop 

Corn 

Flax 

1934 

wheat 

Oats  ft 
Sw.  CI. 

Flax 

Corn 

Alfalfa 

Soybeans 

1933 

Flax 

Wheat 

Soybeans 

Oats  ft 

Alfalfa 

Kafir 

* 

Sw.  01. 

1932 

Soybeans 

Flax 

Corn 

.'heat 

Alfalfa 

Oats  ft 
Sw.  CI. 

1931 

Corn 

Soybeans 

Oats  ft 
Sw.  CI. 

Flax 

Alfalfa 

wheat 

1930 

Oats  * 

Sw.  CI. 

Corn 

Wheat 

Wheat 

Alfalfa 

Flax 

1929 

Kafir 

Wheat 

Wheat 

Sw.  CI. 

Oats 

Alfalfa 

1928 

Wheat 

Wheat 

Sw.  CI. 

Oats 

Corn 

Alfalfa 

1927 

Wheat 

Sw.  CI. 

Sw.  CI. 

Corn 

Wheat 

Alfalfa 

1926 

Cowpeas 

Oats  a 
3w.  CI. 

Corn 

Wheat 

Wheat 

Alfalfa 

*At  no 

time  was 

there  a  legume  prawn 

on  Plot 

10  of  any  series.  Red- 

. 

top  substituted  for  alfalfa  up  to  1946  when  brome  was  also  nixed 

with 

the  red top.  Sorghums  substituted  for  the  soybeans. 

"elorc. 

1930, 

wheat  or 

oats  grew 

on  Plot  10 

when  sweet  olover  was  on  tho 

series.  After 

1929,  the 

sweet  clover  was  grown  with  the 

oats,  thus 

It  was  omitted 

on  Plot  1C 

i  during  the  season 

when  oats  and  sweet 

olover  were  on 

the  series 

i . 
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